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Recent findings indicate that the methane concentration
is increasing at a rate of 1 to 2% per year. Biogenic sources
is one potential contributor to this increased methane
concentration. Wetlands and swamps have been suggested as
primary biogenic candidates; however, this suggestion is
usually based on a few sporadic measurements of methane
emissions. This thesis describes an experimental project
designed to determine the flux of methane from the Okefenokee
Swamp on a continuous spatial and temporal basis.
In this research project, diurnal and seasonal fluxes
of methane from the Okefenokee swamp were examined in a
single marsh, from the same vegetation zone. Continuous
measurements were made over a period of nine months. Maximum
rates occurred during spring and summer months. Spatial and
temporal variations of flux measurements were high; rates
ranged from 0 mg m"^ hr"^ to 2394 mg m'^ hr"^. The mean
concentrations were highest in fall and spring months at 25
ppm and 45 ppm, respectively. Winter months displayed
considerably lower concentrations, with a mean concentration
of 2 ppm.
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1. Introduction
Methane has recently received considerable attention
partly due to the observed increase in its atmospheric
concentration, and the potential environmental consequences
that follow. Seiler^ has given a review of the global budget
for the following CH* sources: rximinants, rice paddies,
swamps, oceans and lakes. We are primarily interested in
methane production from swamps.
Following are a few of the potential environmental
consequences caused by an increase in the atmospheric methane
concentration. First, methane impacts the chemical composition
of the troposphere and stratosphere by reactions involving the
hydroxyl free radical, and the intermediates and products
formed as a result of this oxidation process. This reaction
scheme includes a change in the stratospheric HjO mixing
ratio, as well as a sink mechanism for the stratospheric
chlorine radicals Cl and CIO. Secondly, methane is a
greenhouse gas because of its absorption bands in the infrared
spectrum; therefore, it has a significant impact on the
greenhouse effect.
Methane is released into the atmosphere by both biogenic
and abiogenic processes. Biogenic methane is produced during
the final steps of mineralization of organic matter, through
microbiological metabolism and under strict anaerobic
conditions. There are several abiogenic production processes.
These include biomass burning, mining, and automobiles.
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Several investigations have been undertaken by Ehhalt and
Schmidt^, Rasmussen and Khalil^, Blake et. al.^. Cicerone and
Shatter*, to determine the methane flux to the global
atmospheric methane budget. Depending on the values used, the
CH4 production rate can vary between 184-520 Tg of CH^ per
year.*
Seiler^ has given an excellent review of the present
knowledge of the biogenic production of methane. He concludes
that approximately 58 to €2% of the total CH4 emission is due
to biogenic processes. Of the biogenic sources, swamps and
ocean/lakes can account for 11 to 27% of the total, depending
on which values are accepted. Because of the importance of
methane, there is clearly an urgent need to obtain
satisfactory and reliable answers about the sources and sinks
of tropospheric methane, as well as the strengths of these
sources and sinks.
In this thesis research project the objectives are to do
the following:
1) determine the source strength of methane from the
Okefenokee Swamp,
2) determine the methane flux on a diurnal and annual basis,
3) determine the variability of CH4 flux on a temporal
basis,
4) access the causes of the variation by determining the
correlation with climatological factors.
The results from this study will increase knowledge of the
biogenic methane production from the Okefenokee Swamp.
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It will also improve the ability to quantitate the increasing
atmospheric methane concentration due to wetland ecosystems.
11. ATMOSPHERIC ENERGY BALANCE
A. Radiation
A large amount of the energy that reaches the earth comes
from the sun. The absorption and loss of radiant energy by
the earth and the atmosphere are almost totally responsible
for the earth's weather, both on a global and local scale.
The atmosphere controls the amount of solar radiation that
actually reaches the surface of the earth and, at the same
time, controls the amount of outgoing terrestrial radiation
that escapes into space.
It has been demonstrated experimentally that at a given
temperature there is a maximium amount of radiant energy that
can be emitted per unit area of a body. This maximium amount
of radiation, at a certain temperature, is called the
blackbody radiation. A body that is capable of emitting and
absorbing all frequencies of radiation uniformly is called a
blackbody. The energy spectrum of the sun resembles that of
a blackbody at 5800 K (Figure la) , with the maximium intensity
of incident radiation occurring in the visible spectrum at
0.5 microns. Figure la also shows the emissions of radiant
energy from a blackbody at 245 K, approximating the earth.
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Kirchhoff's law relates the emission of radiation of a
given wavelength, at a given temperature, to the absorption of
radiation of the same wavelength. This law states that the
absorptivity by a body of radiant energy of a given
wavelength, at a given temperature, is equal to it's
emissivity in that wavelength, at the same temperature. Thus
as temperatures increase, the maximium value of the
monochromic emissive power of a black body moves to shorter
wavelength. This is proven by differentiating Planck's formula
with respect to the wavelength, and setting the result equal
to zero, then solving for the wavelength. The result in terms
of nanometers is: WAVELENGTH(fuix)=(2 •897xlO®)/T.
B. Absorption (major absorbing species in the atmosphere)
The absorption of radiation by gases is one of the most
important aspects of both global meteorology and atmospheric
chemistry. The solar spectrum is radically altered by
absorption as the radiation traverses the atmosphere. The
most significant absorbing species in the atmosphere are Oj,
O3, H20(vapor), CH^, COj, and dust. Figure Id illustrates the
absorption spectra for CH^, NjO, CO2, O2, O3, and H2O.
Absorption is so strong in some spectral regions that no solar
energy in those regions reaches the surface of the earth. For
example, O2 and O3 are responsible for absorption of
practically all the incident radiation with wavelengths
shorter than 0.3 microns. Absorption is weak in the regions
7-8.5 microns and 11-14 microns, and non-existent between 8.5
microns and 11 microns.
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This allows a hole in the infrared absorption spectrum through
which radiation escapes. COj absorbs strongly between 12-16
microns.
C. ENERGY BALANCE
Energy exists in various forms, namely: radiant,
chemical, thermal, electrical, mechanical and kinetic. The
energy from the sun that reaches the earth's upper atmosphere
amounts to a very large quantity per unit time. At the
distance of the earth from the sun, a square meter of area
perpendicular to the line of solar flux receives 19.2 kcal of
energy per minute, or 1.34 x 103 watts/m^. The average
surface temperature of the earth is maintained at a relatively
comfortable 288 K because water vapor, COj, methane and other
atmospheric gases reabsorb much of the outgoing radiation
while retaining part of the energy as heat. As it is, the
complex factors involved in maintaining the earth's heat
balance within very narrow confines are crucial to retaining
conditions of climate which will support present levels of
life on earth. The surface of the earth also radiates energy.
Thus, whereas the short-wave radiation penetrates the
atmosphere fairly effectively, the reradiated long-wave energy
is kept, by and large, in the troposphere. Consequently heat
diffuses into the atmosphere essentially by the two following
mechanisms: (1) conduction of heat from the surface to the
atmosphere and (2) evaporation of water from the surface
followed by condensation in the atmosphere with its release
of latent heat. An appreciable fraction of the earth's surface
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heat is transported to clouds in the atmosphere by
conduction and convection before being lost ultimately by
radiation.’ About two thirds of the transfer of energy from
the earth's surface to the atmosphere occur by the latter
mechanism. The atmosphere, by absorbing such a high fraction
of the long-wave radiation of the earth, acts as an insulation
to keep heat near the surface of the earth. This is commonly
called the greenhouse effect. Water in both vapor and droplet
forms are the principal agents for this effect. Water
strongly absorbs in both the high and low energy portion of
the infrared spectrum. COj is also a significant contributor
to the greenhouse effect. It is not as significant
contributor as water droplets and vapors because it's
concentration is lower and the main infrared absorption is
localized in a narrower band near 15 microns.
Atmospheric methane is a greenhouse gas third to HjO in
it's effect on global temperatures. The atmospheric warming
associated with the increase of CH4 during the past decade is
38% of the effect of COj.® The methane mixing ratios in
trapped air bubbles in Greenland ice older than 500 years is
only half that of modern air. Studies of Antarctic and other
Greenland ice cores have shown that this doubling of the CH4
mixing ratio in trapped air is a ubiquitous feature in polar
ice in both hemispheres.® For at least the past decade methane
has been increasing at a much faster rate, 1.0 to 1.8% per
year, and will double again in the next 60 years if current
rates continue.^® A doubling of methane, an increase from its
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present concentration of 1.6 to 3.2 ppm, would cause a rise
in the earth's surface temperature of between 0.3 K to 0.5 K,^
A rise in the global mean temperature of a mere 3 to 9 K could
melt the polar ice caps, and thereby swell our seas, drown
coastal cities, and dramatically change worldwide weather
patterns, triggering droughts and floods, interrupting ocean
currents, moreover killing a major portion of the world's fish
population.
III. The Methane Phenomenon
The atmospheric cycle of methane has recently received
considerable attention since it was found that the atmospheric
burden of methane is not stable and exhibits a temporal
increase in both hemispheres. The observed increase may have
some environmental consequences because of the chemical and
physiochemical properties of methane. There are four
properties of methane which will be reviewed:
a) the physiochemical properties of methane and it's
consequential absorption bands in the infrared spectrum,
b) methane's oxidation by the OH radical,
c) methane's role as a source of water vapor in the
stratosphere,
d) methane's reaction with the Cl radical.
A discussion of each of these topics is delineated in the
following sections.
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A. Physiocbemical Properties of Methane (Infrared Bands)
The molecular structure of methane is tetrahedral. Thus th
Is orbital of each of the four hydrogen atoms overlaps with
one of the four sp^ orbitals of the carbon atom to form an
sp^-s sigma bond.^^
CH^ has three moments of inertia, it therefore is an
example of a spheric top (I,=Ii,=Ic) . There are 15 degrees of
freedom, of which 9 are vibrations, and methane belongs to the
point group (T^) .
Because methane is a strong infrared absorber it directly
affects atmospheric temperatures. The energy of radiation
belonging to the first octaves in the infrared region are of
the same order of magnitude as the vibrational energy of
molecules. Consequently, strong interactions of infrared
radiation and methane are to be expected. Upon absorption of
infrared radiation by the methane molecule, it collides with
a neighboring molecule, the vibrational energy of the methane
molecule is then transformed into translational energy of the
colliding molecule. The excited methane molecule returns to
its initial state and is capable of a new absorption.
Translational energy results in the generation of heat.
Consequently, absorption of infrared radiation by methane is
transformed into thermal energy. Thus even a small increase
in the concentration of methane is of tremendous concern.
B. Methane's Oxidation by the Hydroxyl Radical
Secondly, CH^ is of interest because it is oxidized in the
troposphere by the hydroxyl free radical (See figure 2),
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which represents the most dominant sink mechanism for
atmospheric CH4. The oxidation of CH^ will result in the
production of a series of gaseous intermediates and final
products such as CO, Hj, HCOH, and other radicals, which in
turn will again have an impact on the chemical composition of
the troposphere.^^ Of particular interest is the formation of
O3, which is one important precursor of the OH radical.“
Ozone, similarly as COj and CH4, belongs to the greenhouse
gases. There is evidence from model calculations that O3
levels will increase by approximately 20% as a result of
doubling the tropospheric CH4 concentration.’
C. Methane's Role as the Predominant Source of Water Vapor
in the Stratosphere
Thirdly, methane is the predominant source of water vapor
in the stratosphere, as a result of it's oxidation to COj and
HjO at altitudes of 10 to 40 kilometers. Changes in the
tropospheric CH4 mixing ratio in the troposphere will increase
the flux of CH4 into the stratosphere and consequently, the
stratospheric HjO mixing ratio. The transfer rate of methane
to the stratosphere amounts to approximately 50 teragrams of
methane per year.’® This in turn will have some impact on the
distribution of the hydroxyl radical and other odd hydrogen
species in the stratosphere.
D. Methane's Reaction with the Chlorine Radical
Finally, methane is of great interest, because the
increase of tropospheric CH4 will enhance the reaction between
methane and the chlorine radical. This reaction provides the
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dominant sink mechanism for the stratospheric chlorine radical
and chlorate radical, which act as a catalysts in the
destruction reactions of stratospheric ozone. Thus, higher
CH4 mixing ratios in the troposphere would reduce the impact
of human-induced chlorofluorocarbons on the stratospheric
ozone layer, conversely this would produce a positive effect
with an increase in the levels of tropospheric CH^,
IV. SOURCES OF METHANE
Methane is produced by both biogenic and abiogenic
sources. The most prevalent biogenic sources are wetlands,
ruminants, rice paddies, termites, oceans and lakes. The
following sections discuss these various sources.
A. Biogenic Sources
1. Methane Production From Wetlands
Measurements of carbon-14 in small samples of methane
from major biogenic sources, biomass burning, and in clean air
samples from both the northern and southern hemispheres,
reveal that methane from ruminants contain contemporary
carbon, whereas that from wetlands, peatbogs, rice patties,
and tundra is somewhat, depleted in carbon-14. Atmospheric
seems to have increased from 1986 to 1987. Based on
measurements of the content of atmospheric methane, the
main sources of methane in the atmosphere appear to be aerobic
fermentation processes rather than fossil fuel sources. The
suggests that 80% or more of atmospheric methane is from
decay of recent organic matter.^®
13
Wetlands, including fresh water, saltwater, marshes, swamps,
bog ecosystems, and flooded soil agriculture, are hypothesized
to be the major sources of CH4 in the atmosphere. Methane
releases from swamps have been estimated at 20 teragrams to 60
teragrams per year.^^
2. Methane Production by Riiminants
An important source of atmospheric methane is bacterial
production in large plant eating animals. Enteric fermentation
by cows release about 200 grams of methane per day, the
equivalent of about 5 percent of it's energy intake, to the
atmosphere.^® Because there are approximately 1.2 billion cows
worldwide, methane from ruminant production adds up to 90
teragrams of methane per year.^° Other domestic herbivores
such as sheep, horses, and goats account for less methane
production because they exist in fewer number. The entire
production of methane by domestic animals adds up to 100
teragrams per year.^°
3. Methane from Rice Paddies
Rice paddies are the second most investigated biogenic
source of methane. Whereas cows provide a rather well
controlled environment for their methane producing bacteria,
rice paddy production is subject to a number of varying
factors. For example in the production of methane, the
activity of the bacteria is dependent upon temperature. With
every increase of 5 K, the rate of methane production
doubles. This includes a certain variability.
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because rice is cultivated worldwide in a temperature range
between 293 K and 303 K. It has also been found that methane
production from paddies varies during the growing season.
Thus the estimate of methane production from paddies is more
uncertain than that from cows. The total release from the
1.45 million square kilometers of rice paddies has been
estimated at 25-75 teragrams of methane per year.^^ Although
the area from which rice is harvested has only increased by 2%
in the last 25 years, methane emission from this source nearly
doubled.
4. CH^ Production by Termites
The production of CH4 by insects has been known since
1932. In the meantime, the digestive processes of termites
have been studied, and CH4 production rates by termites have
been quantified. The CH4 production rate by termites (50 Tg
per year) was reported by W. Seiler et al.,“ who extrapolated
results of laboratory experiments using five colonies of
zootermopsis Augusticollis, with an average population of 25
termites per colony, to the global number of 2.4 x lO”
termites. Subsequently, deforestation is increasing their
numbers. Live tree's produce substances such as alkaloids and
terpenes that ward off termites, but cleared tree's offer an
ideal habitat. In an ex-forest, the termite population can
grow by a factor of ten.
5. Methane Production By Oceans and Lakes
Oceans and lakes contribute to atmospheric methane
chiefly because of their large extent.
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Measurements carried out in the surface waters of the Atlantic
and Pacific oceans by several authors indicate that the
surface waters of the open oceans are supersaturated by about
10% to 80% with respect to the atmosphere. This supersaturated
surface water causes a flux of CH4 from the ocean into the
atmosphere which can be calculated from the stagnant film
layer. The total CH4 flux from the ocean is 1 to 7 Tg per
year.
6. A Comparison Between The Major Sources
The CH4 production rates of the individual biogenic CH^
sources are summarized in Figure 3. These data indicate that
the most important biogenic CH^ source is fermentation by
ruminants, having a source strength of 100-200 Tg per year.
This is followed by biomass production of methane at 25-110
Tg per year. CH^ release by rice paddies, with a source
strength of 25 to 75 Tg per year, take the third place
position. Other biogenic processes such as CH4 production in
the oxygenated surface waters, and CH4 formation by termites
seem to be of minor importance in the global CH4 cycle. These
figures correspond to an average total biogenic CH4 production
of 184-520 teragrams per year.
B. Abiogenic Sources
In addition to biologic sources, there are methane
sources free of radioactive carbon. These essentially result
from fossil fuel mining and combustion. The greatest single
source is the release of natural gas during its mining and
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gas is lost to the atmosphere, this results in a release of
20-50 teragrams of methane per year.^*
Another fossil fuel methane source is coal, which holds
up to 5 cubic meters of methane per ton.^* The mining of coal
releases 6-22 teragrams of methane to the atmosphere
annually.^®
V. MICROBIAL PRODUCTION OF METHANE
Methanogens rely on the activities of many other diverse
and physiologically dissimilar microorganisms to metabolize
complex organic compounds into the structurally simple
compounds used in methane production. Therefore, from the
standpoint of the earth's global carbon cycle, methanogens
carry out the terminal steps in the multistaged metabolism of
complex organic matter that is described as an "anaerobic
microbial food chain." Other such terminal reactions such as
sulfate reduction and denitrification can occur, but in many
anaerobic environments, methanogensis is the principal
terminal reaction. Most of the methane produced from ruminant
intestines, rice paddies, and swamps is not oxidized or
consumed before it reaches the atmosphere. In other methane
producing environments such as lake sediments, more than 50%
of the methane produced is oxidized as it diffuses through the
overlying water column.^’
Since the compounds for methane production are derived
from the metabolism of more complex organic matter, the rate
of methane production is related to the availability of
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organic matter within a given environment, and to the rate at
which these more complex compounds are metabolized. For
example, methane production in lake sediments are primarily
controlled by the rate of carbon input to the sediments.
Since carbon inputs to lake sediments are mainly in the form
of algae and plant cells that have settled out of the
overlying water, changes in the productivity of lake algae and
plants will significantly affect the amounts of methane
produced.
Ruminant animals depend on the fermentation activity of
anaerobic microorganisms, including methanogens. Methanogens
serve to consume hydrogen, a by-product of the fermentation
process. If hydrogen is not consumed and is therefore
maintained at high concentrations within the rumen, the
qualitative and quantitative nature of compounds formed will
be altered, causing death to the animal. While anaerobic
microorganisms play an important part in the animal's
physiology, the formation of methane represents a net loss of
energy for the animal. These examples demonstrate the role
that methanogens play in the anaerobic metabolism of organic
matter, and difficulties that will be encountered if methane
emissions to the atmosphere are not controlled. Yet any
regulation of methane emissions to the atmosphere raises
obvious socioeconomic issues and must be considered in terms
of the overall quality of life on earth. Therefore the issue
of the greenhouse effect is a potential health hazard which
could affect the lives of humans on a world wide basis.
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VI. PREVIOUS MEASUREMENTS AT SWAMP
The most recent methane flux measurements taken from the
Okefenokee swamp were by Patricia Ann Flebbe of the University
of Georgia.^® The results of this reseach were as follows:
Methane fluxes were highly variable, and site differences were
not significant during the sampling period, except for
February, 1979, when the shrub and cypress sites were
significantly different. Methane production in the Little
Cooler Lake Prairie site was moderately high (100-150 mmole
m-2 hr"^) in October and November, 1978, but dropped to less
than 10 mmole m~^ hr'^ in December and January 1979. The Shrub
and Cypress sites produced less than 10 mmole m'^ hr”^ for
the period from October, 1978, to February, 1979. All sites
increased from the low winter level when both temperatures and
water depth increased, although rates in the Shrub site
remained very low until June, 1979. Rates for the Summer
period were generally in excess of 100 mmole m"^ h"^. Methane
production in the Prairie and Cypress sites decreased again
during September to November, 1979. Superimposed on these
general trends, are a number of peaks which appear to be
erratic. The Okefenokee swamp flux rates were comparable to
most wetland fluxes.^® All similiar wetland systems are
compared under identical, or very close experimental
conditions therefore the conclusions are reliable.
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The lowest flux values measured were in systems where
oxidizing conditions prevailed, including the one Okefenokee
station.
VIL EQUIPMENT AND PREPARATION
A. Column and Gas Holding Tubes
The atmospheric concentration of methane was measured by
direct automated analysis with a modified Shimadzu Mini-2 gas
chromatagraph. The system included a Hewlett Packard 3392A
integrator to electronically integrate the chromatographic
peaks. Gas chromatography is a technique for separating
volatile substances by percolating a gas stream over a
stationary phase. The basis for gas chromatographic separation
is the distribution of a sample between two phases. In
gas-liquid chromatography the components to be separated are
carried through the column by an inert gas (carrier gas). The
sample mixture is partitioned between the carrier gas and a
non-volatile solvent (stationary phase) , supported on an inert
size-graded solid (solid support). In gas-solid
chromatography, the specific technique we employed in our
study, the components are separated by molecular size.
Smaller molecules elute first as larger molecules elute
last.18
The Shimadzu Mini GC was equipped with a flame ionization
detector. Ionization detectors operate on the principle that
the electrical conductivity of a gas is directly proportional
to the concentration of charged particles of the gas.
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Ions and electrons formed in the flame enter an electrode gap,
consequently permitting a current to flow in the external
circuit.^®
Because the column is the heart of the chromatograph (the
actual separation of sample components is achieved in the
column) , a judicious choice for a colvimn was very important.
The packed glass column was 3 feet long x 1/4 inches in
diameter. Tenax GC 60/80 mesh was used as the packing
material. Methane was well resolved from the other components.
The day to day standardization of the measurements were
obtained by the analysis of a 1 ppm standard sample obtained
from the National Bureau of Standards. A one milliliter volume
calibration loop, interfaced to the gas chromatograph, was
used to ensure precise sample volumes, and to hold the methane
standard for injection.
Prior to use, the analytical columns were conditioned by
heating overnight at 423 K in an electrical oven (built into
the chromatograph by the manufacturer), in order to drive off
impurities. The calibration loop and the cold trap were washed
in acetone and cholorform, and then heated overnight at 393 K.
Care was taken to pack the columns slowly to ensure
uniformity. Uniformity of packing in the column is essential
to obtain good reproducibility. It was also important to dry
the column completely of any traces of water, in that this
will impede the flow of methane through the column, which
would in turn produce errors in the results.
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B. Gases
All of the gases employed were supplied by Selox and were
of the high purity grade. Nitrogen was used as the carrier
gas; hydrogen was used as the combustible gas supplied to the
flame ionization detector; and air was used as the gas to
support combustion at the flame ionization detector.
All ambient methane measurements were calibrated against
the standard from the National Bureau of Standards.
C. Experimental Design and Setup
The first and most urgent task was to design and
implement an experimental setup. Several objectives were
established for the experimental setup;
a) unattended operation for short periods of time,
b) easy transport from the laboratory to field site,
c) completely automated system,
d) hardware compatibility between electronic system and
analytical system.
e) software compatibility between analytical data and data
handling software.
The following equipment was chosen for the experimental
design; mobile van, vectra computer, gas chromatograph and
accessories, air compressor, portable power generator,
several PC-instruments (digital I/O, relay multiplexer,
digital multimeter, and relay actuators), and several other
small pieces of accessory equipment.
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The central analysis laboratory was a mobile van. This
van was used to transport the computer, the gas chromatograph
and accessories, the air compressor, the portable power
generator, and other equipment and supplies from the
laboratory to the field.
Methane flux rates were measured by a static box
technique. Figure 4 shows a diagram of the collection chamber,
and appendix A gives a complete illustration of the entire
experimental design. The methane flux rates were determined by
covering a 0.3 6 m^ area of the marsh with a collection
chamber, and measuring the concentration verses time, of
methane in the enclosed air for a 90 minute cycle. The
collection chambers were constructed of plexiglass and had
dimensions of 0.6 x 0.6 x 1.0 meters. The concentration
chambers were equipped with an internal circulation fan to
insure the contents were well mixed. The chambers also
included hinged tops to allow venting, thereby preventing a
heat build-up. The bottom of the collection chambers was open
and submerged beneath the water level in the swamp.
Three connection lines were attached at the back of the
chamber. The line labelled "connection hose" was used to
control the pneumatic cylinder. This cylinder opened and
closed the hinged top. The line labelled "sampling line" was
an 1/8" copper tube used to collect samples from the chamber.
The third line, labelled "electric line", was used to control
the internal circulation fan.
The collection chambers were arranged in the swamp in
24
pneumatic cylinder
D^agr am no'-A )ns and design of the Samplmc reiarnber.
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sets of three. There were two sets of chambers positioned to
cover the variation of the ecosystem surrounding the field
house. The first set of chambers was labelled box 1, box 2
and box 3. The second set was labelled box 4, box 5 and box
6. The maximum spacing between each sampling chamber in a set
was 10 centimeters, and between the two sets of chambers, the
maximum spacing was 25 meters. These chambers were placed on
wooden frames and anchored into the marsh. The height of these
stands were such that the bottom edge of each chamber was
submerged under the water level.
The sampling and control of the experiment was performed
using the HP Vectral computer. The computer cycled the gas
chromatograph thru a sampling and calibration routine. First,
the computer, using pneumatically activated cylinders and
valves (see figure 5), closed three sample chambers. The gas
cylinder, containing a methane standard, was then rotated in
line to fill the 1 milliliter loop. Four repetitive injections
of the calibration standard were made. This calibration was
followed by sampling and chromatographic analysis from each of
the closed boxes for three minutes each. This cycle of
sampling from the three closed boxes was continued for 90
minutes. After ninety minutes, the three closed boxes were
opened, and the remaining three boxes were closed for a 90
minute cycle. After the 90 minute analysis was completed for
a set of boxes, the computer downloaded the data from the
integrator and stored it on a disk for subsequent analysis,
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D. The Site Description
The Okefenokee Swamp vegetation clearly shows
heterogeneity at the watershed ecosystem level. Within the
watershed ecosystem, northwestern and southeastern input
drainage areas have been identified (Bosserman et al.).^* The
northeastern drainage area's receive inputs both from
precipitation and stream drainage. The southeastern section
provides a more accessible diversity of both marsh and swamp
habitats. The Office For Remote Sensing Of Earth Resources
classifies the major habitat types within the Okefenokee as:
shrub swamp (37%), mixed cypress (25%), prairie (23%), open
water (8%), and black broad-leaved evergreen forest (7%).^®
The specific site of this research was at the Chesser Prairie
Shrub site (see map 1) , at the southeastern entrance of the
Okefenokee swamp. The Chesser Prairie Shrub site is generally
the driest due to greater build-up of peat. This site was
chosen in general because of it's easy accessi- bility and the
convenience to build a permanent station. The field house was
located 1 kilometer from a paved road, and the sampling
chambers were located an additional 100 meters from the house.
VIII. RESULTS AND DISCUSSION
A. Data Handling
All data were initally recorded with an integrator.
Figure 6 represents a typical chromatogram.
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Figure 6. Sample Chromatagram of August, 1988. Graph consists of actual
actual integrator print-out of time verses concentration.
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Each chromatogram contains retention times, and area counts,
which are proportional to the methane concentration. These
area counts were then compared to the area count of the 1 ppm
standard.
The concentrations were then plotted against time. The slope
of the line represents the flux of methane. In 95% of the
runs, these plots were linear, however, 5% of the plots were
non-linear, within a ninety minute cycles. Flux values are
therefore reported in units of mg m“^ hr'^, representing the
entire ninety minute cycle. Figure 7 is an example of data
which illustrated dynamic equilbrium, within a ninety minute
cycle. These data were used to draw conclusions about diurnal
and temporal flux trends.
Figure 8 presents an example of data which displayed non¬
linearity within a ninety minute cycle. That is. The flux was
not constant, and much more variable throughout the 90 minute
cycle. Therefore, no definitive conclusion regarding these
fluxes were made. However, data which exhibited non-linear
flux patterns, throughout a ninety minute cycle, were not
totally discarded. They were used to compare the maximum daily
and annual methane concentrations, and the minimum daily and
annual methane concentrations.
B. An Overview of the Seunpling Period
There were a total of 555 fluxes recorded over the entire
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Figure 8. A sample plot of concentration verses tine,
i'-istrating non-linearity within a ninetv minute
cycle.
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fall and summer months were larger than those of winter.
The minimium and maximium flux rates for the entire sampling
period were 0-2394 mg m"^ hr‘\ respectively. On a diurnal
basis, the maximium flux measurements were generally observed
early afternoon to late evening, followed by a decrease in
fluxes in the early morning hours. The average concentrations
were highest in fall and spring months, followed by a decrease
in concentrations during winter months. The actual
guantitative measurements are presented in the following
sections.
C. Diurnal Trends
Figures 9, 10, 11, 12, 13, and 14 present flux rates at
different times of the day, over a ten month period. Although
10% of all data showed winter flux rates greater that other
periods, the minimum summer methane concentration, at 28 ppm,
was higher than the maximum winter concentration, at 12 ppm.
Diurnal observations for the month of August showed flux
values ranging from 130-840 mg m*^ hr"^, with larger fluxes
usually occurring during evening hours. Figure 9 presents
these flux data. December through March indicated a
considerably narrower range in flux variations of 0-90 mg m"^
hr"\ as illustrated in figures 10-12. Most flux rates during
December and February showed a narrower range from morning to
evening hours, than other periods of sampling. Moreover, the
average temperatures, during the winter months of sampling,
(285 K)^° were generally lower than other times of the
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Figure 9. Diurnal variations of methane flux rates from the
Okefenokee Swamp. The CH^ flux rates ranged from
13 0-880 rog m'^ hr'E Each point represents the flux fc
a ninety minute cycle. The bars represent standard
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Figure. 10. Diurnal variations of methane flux rates from the
Okefenokee Swamp. The CH^ flux rates ranged from
1-28 mg m'^ hr''. Each point represents the flux for a
ninety minute cycle. The bars represent standard





















Figure li. Diurnal variations of ir.ethane flux rates from the
Okefenokee Swamp. The Crl^ flux rates ranged from
1-69 mg m^ hr'L Each pcinr represents the flux for
a ninety minute cycle. The bars represent standard






Figure 12. Diurnal variations of methane flux rates from the
Okefenokee Swamp. The CH^ flux rates ranged from
1-90 mg m‘^ hr''. Each point represents the flux ::r a
ninety minute cycle. The tars represent standard
deviation. All data are reported to a 95% confidemco
level.
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Flux values for the spring months were highly variable in the
mornings and evenings. Temperatures during this sampling
period frequently reached above 304 K, which were more often
observed from early afternoon to early evening hours. Morning
fluxes, in the months of April and May, ranged from 0-2394 mg
m'^ hr"^ as illustrated in figures 13, and 14 respectively.
D. Causes of Variation Correlation with Climatological and
Ecological Factors
Recently much attention has been focused on methane,
because it is an important component of the biogeochemical
cycle of carbon. Variables such as temperature and water depth
are part of these elemental cycles, and they are environmental
factors that influence transfers within these cycles. Many of
the transformations of carbon and microbial processes are
influenced by ambient temperatures. Bosserman” demonstrated
considerable diurnal and seasonal variation in temperature
profiles at various Okefenokee Swamp sites.
The average temperature while sampling during the months
December through March (285 K)^° was generally lower than
other times of the sampling period, namely, August, April, and
May, when the mean temperature was higher (303 K).^° The
minimum and maximun methane concentrations observed during the
winter months of December, February and March were 0 ppm and
12 ppm, respectively.
The average methane concentration observed during the winter
months was 2 ppm. Spring months illustrated minimum and






Figure 13. Diurnal variations of nethane flux rates from the
Okefenokee Swamp. The CH^ flux rates ranged from
180-1780 mg m'^ hr'E Each point represents the flux
for a ninety minute cycle. The bars represent standard
























Figure 14. Diurnal variations of methane flux rates from the
Ohefenokee Swamp. The CH^ flux rates ranged from
1-2394 rag iii'^ hr'E Each point represents the flux for
a ninety minute cycle. The bars represent standard
deviation. All data are reported to a 95% confidence
level.
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respectively. The average methane concentrations observed
during spring months were 25 ppm and 45 ppm, respectively.
During winter months, at lower temperatures, methane flux
rates and concentrations decreased considerably.
Some of the initial objectives, namely, to determine the
methane flux on a diurnal basis, to determine the variability
of methane on a temporal basis, and to determine causes of
variation, by determining the correlation with climatological
factors as they relate to mean temperature changes were
accomplished. Due to limited time, other initial objectives,
namely, to determine methane flux on an annual basis, and to
determine climatological factors in addition to temperature
were not accomplished.
The findings of this research are consistent with
previous reports, which suggests that swamp production of
methane is significant and warrants a need for continued
research.
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